Introduction
Pediatric-onset multiple sclerosis (POMS), defined as MS onset prior to age 18 years, is a relatively uncommon MS subgroup, occurring during the developmentally sensitive period of childhood and adolescence. 1 Cognitive impairment occurs in approximately 33% of POMS patients and is associated with adverse academic outcomes and mood disturbance. 2 Identifying cognitive impairment early is critical to facilitate initiation of coping strategies and interventions. The Brief International Cognitive Assessment in Multiple Sclerosis (BI-CAMS) was developed to screen for cognitive impairment in MS. 3 While efficient for cognitive screening in adult MS, the BI-CAMS may not be sufficiently sensitive in POMS. Previously, our group demonstrated that computer-administered measures of information processing speed using the Cogstate Brief Battery can identify cognitive disruption in POMS. Cogstate detects slowing more often than the Symbol Digit Modalities Test (SDMT) of the BICAMS, which was designed to measure information processing speed and has previously been shown to be sensitive to identifying patients with MS, 4 and detects impairment more often than any measure of BICAMS. 5 Furthermore, Cogstate is highly sensitive to detecting cognitive change over time. 6 Determining the neural correlates of cognitive impairments detected by cognitive screening is critical for developing effective therapeutic strategies. While T2-weighted conventional MRI informs the clinical management of MS with respect to lesion number and volume, structural MRI sequences are limited in their sensitivity to identifying diffuse damage in normal appearing white matter and gray matter (NAWM and NAGM).
Further, it has been shown that cognitive impairment in POMS is not closely correlated to cortical lesion volume or number, 8 suggesting that changes in NAWM and NAGM may be more relevant factors.
Diffusion tensor imaging (DTI) can quantify the anisotropy of water diffusion, which can indicate the degree of myelination, integrity, and other microstructural properties of white and gray matter in the brain. 9, 10 In POMS, diffuse reductions in fractional anisotropy (FA) in NAWM have been identified, 11, 12 representing potential microstructural or demyelination processes occurring in occult tissue. Additionally, the thalamus has been identified as a vulnerable target to both adult and pediatric MS. 13 Critical gaps in this literature exist, however, regarding whether these disruptions in white and deep gray matter integrity relate to cognitive changes in POMS.
There are only several studies that investigate whether FA alterations in NAWM and NAGM are related to cognitive deficits in POMS. Associations have been observed between corpus callosum and parietal and frontal lobe FA and math ability, as well as relationships between corpus callosum FA and the SDMT. 14, 15 The relationships between FA and sensitive information processing speed measures, however, have yet to be investigated. Microstructural alterations in POMS participants whom display subtle cognitive slowing in information processing speed may represent those with the earliest biological insults of cognitive decline. Identifying those undergoing and at-risk for cognitive decline is crucial to developing targeted, early interventional strategies.
Here, we investigate whether microstructural properties of the brain relate to subtle, but measurable, cognitive deficits associated with the earliest onset of MS. To test this hypothesis, we investigate the relationship between cognitive disruption, as assessed with the Cogstate and BICAMS batteries, and regional and tractography-based FA, as assessed with DTI, in POMS and healthy control (HC) participants.
Methods Recruitment
This study was conducted through the Lourie Center for Pediatric MS at Stony Brook University Health Center. All study procedures were approved through the Stony Brook University Institutional Review Board and all participants provided written, informed consent. Assent was provided for participants below the age of 18 with parent or guardian providing consent. POMS participants were recruited during routine outpatient visits. Community-based advertisements were used to recruit HCs from February 2015 to December 2015.
Inclusion criteria were: a POMS diagnosis following established criteria, 16 eg, MS onset prior to the age of 18 years, English language fluency (having learned English prior to age 6 and not currently enrolled in an English Language Learner program), and a score above the 85th percentile on the Wide Range Achievement, 3rd Edition (WRAT-3), 17 serving as an estimate of general intellectual functioning (IQ).
Exclusion criteria were: any other psychiatric or neurological conditions, clinically or radiologically isolated syndromes, a history of prior cognitive impairment, or a history of neurodevelopment disorders.
All but n = 3 of the MS participants were on diseasemodifying therapies, as follows: glatiramer acetate (Copaxone, n = 5); natiluzimab (Tysabri; n = 4); fingolimod (Gilenya, n = 2); and rituximab (Rituxan, n = 1).
Cognitive Testing
POMS participants first underwent a neurological examination including the Expanded Disability Status Scale (EDSS). 18 Administration of cognitive tests was completed by trained and experienced psychometricians supervised by a neuropsychologist during study visits. Assessment administration was performed according to the published manuals and required approximately 20 minutes. Cognitive testing and MR scanning were performed at least 1 month following clinical relapse or corticosteroid use.
The Cogstate Brief Battery consists of three reaction time tasks: detection (DET, simple reaction time), identification (IDN, choice reaction time), and one-back (ONB, choice reaction time task implementing a one-back paradigm). 19 Outliers that were greater than three standard deviations (SD) of the group mean were excluded to prevent skewed samples. The BICAMS includes the oral trial of the Symbol Digit Modalities Test (SDMT), visual learning from the Brief Visual Memory Test-Revised (BVMT-R), and verbal learning from either the California Verbal Learning Test-2nd Edition, 20 or the Rey Auditory Verbal Learning Test (RAVLT). 3, 4, 21 For this study, as in our other pediatric MS work, we chose to use the RAVLT due to its availability of a continuous form to use across the age span. 5 
Image Acquisition
Scans were performed at Stony Brook University Hospital (3T Siemens Biograph mMR). T1-weighted MPRAGE (TR/TE/TI = 2,300/2.43/1,100 milliseconds, 1 mm isotropic voxel resolution) and T2-weighted FLAIR (TR/TE/TI = 5,000/404/1,800 milliseconds, 1 mm isotropic voxel resolution) sequences were acquired followed by the DTI sequence (single-shot echo planar imaging sequence; TR/TE = 9,600/95 milliseconds, 2.5 × 2.5 × 2.5 mm voxel resolution, FOV: 240 × 240 × 150 mm, IPAT factor 2, 60 slices, b-value = 1,000 second/mm 2 , scan time: 11 minutes, and 64 collinear diffusion directions).
Image Processing
The T1-weighted structural images were passed through Freesurfer 5.3.0's automated cortical reconstruction pipeline. [22] [23] [24] The Freesurfer generated surface models were then inspected following a previously validated systematic quality control procedure. 25 Trained technicians also reviewed the raw DTI images for common imaging artifacts. Approved diffusion images were corrected for head motion and distortion with eddy current correction ("eddy correct" FSL 4.1.7, FMRIB Software Library). 26 The diffusion images were then brain-masked (BET, Brain Extraction Tool, FSL) and the least-squares fit diffusion tensor was generated with nonlinear optimization to obtain FA values with the Camino software package. 27 EPI geometric distortion correction was performed by nonlinear registration to the approved T1-weighted image with the Symmetric Normalization (SyN) feature of ANTs (Advanced Normalization Tools). 28, 29 Following distortion correction, the T1-weighted image was used to warp the Freesurfer-derived white matter parcellation onto the diffusion image with ANTs. 28 Finally, FA was computed for the a priori regions of interest (ROIs) by averaging the FA of each voxel within the ROI mask (combining the Freesurfer labels contained in Table 1 generated the ROI masks). The a priori ROIs for the region-wise FA analyses, selected based on previous literature, were frontal, parietal, occipital, and temporal lobe WM, as well as the thalamus and corpus callosum. 11, 15, [30] [31] [32] Tractography analysis was then performed with FMRIB's Diffusion Toolbox (FDT) to compute the probability of streamlines or connections between Freesurfer-defined seeds and targets (exclusion masks). 33 The following parameters within FDT were used: curvature threshold = .2 mm, maximum steps per sample = 2,000, step length = .5 mm, and total samples = 5,000. A weighted average of FA within the tracts was then generated with the voxel-wise FA map previously computed. A priori tracts, based on the literature, were the superior longitudinal fasciculus, uncinate fasciculus, and posterior thalamic radiation. 12, [34] [35] [36] [37] The Freesurfer labels that were combined to generate the seeds and targets for each of the a priori tracts are provided in Table 2 . Based on the described quality control procedure, two Freesurfer segmentations were disapproved (Freesurfer approval rate = 94%). The disapprovals were based on gross labeling errors due to substantial ringing artifacts in the T1w image. Based on the DTI inspection protocol, one DTI scan was disapproved based on poor coregistration to the T1w image. The overall approval rate was 92%, with final imaging numbers of 13 POMS and 20 HC participants.
WM lesion FA has been shown to be reduced compared to NAWM in MS. 38 Therefore, each POMS participant's WM lesion load was automatically computed based on the T1w and T2w FLAIR images in the a priori WM regions (Cascade automated lesion segmentation algorithm). 39 The average WM lesion percentages were 5.27% ± 3.12% (corpus callosum), .19% ± .11% (frontal lobe), .58% ± .65% (parietal lobe), 2.58% ± 1.56% (temporal lobe), and .54% ± .55% (occipital lobe). Because <3% of lobular WM was lesion, FA maps were not masked. Although the average lesion percentage in the corpus callosum was just >5%, the algorithm consistently generated false positives for lesions within this region specifically, based on visual inspection. To ensure inclusion of corpus callosum NAWM, the corpus callosum was also not masked.
Statistical Methods
Quantitative measures examined include the BICAMS: BVMT-R and RAVLT total learning scores, and total correct on SDMT; for Cogstate the measures included: IDN, DET, and ONB speed scores were examined. To generate a standard for comparison, published age-normative HC data were used to generate BICAMS and Cogstate z-scores. 38 Composite BICAMS and Cogstate scores were then generated from the z-scored tests by averaging the z-scores across each of the measures. 5 As previously described, participants with BICAMS z-scores ࣘ-1.5 and Cogstate z-scores ࣘ-2.0 were defined as "cognitively impaired." 5 The a priori region-wise FA and tractography DTI data were assessed for: (1) group-differences between POMS and HC participants and (2) relationships with cognitive measures. Independent sample, two-tailed t-tests assessed group differences. Partial Pearson's correlations, as well as Spearman's nonparametric correlations, controlling for age and sex, assessed the within-group relationship between imaging and clinical measures. Unadjusted imaging P-values are reported, with notes on whether the effect would survive Bonferroni correction for the nine regions examined. All statistics were performed in SPSS v23.
Results

Demographics
The POMS and HC groups were matched on age and sex; however, there was a greater percentage of African-American POMS participants (n = 6) than HCs (n = 0) ( Table 3) . 17 ; n = sample size; N/A = not applicable. Note: Age, education (years), and disease duration (years) rows show mean ± standard deviation. Note: WRAT-3 reading scores used as estimates of general intellectual functioning and academic development. 
Cogstate Group-Wise Comparison
The POMS participants scored significantly lower on the Cogstate composite (t = -3.10, P = .004), indicating the sensitivity of the computer-based information processing speed assessment (Fig 1) . Among the three tests, the POMS group performed significantly more slowly on the tests of simple and choice reaction time measures relative to the HC group (DET: t = -2.69, P = .01; IDN: t = -3.56, P = .001; Fig 1) , but the groups did not significantly differ on the working memory measure (ONB: t = -1.29, P = .21). Overall, 20% (n = 3) of the POMS participants and none of the HC participants met criteria for cognitive impairment on Cogstate.
BICAMS Group-Wise Comparison
The groups did not significantly differ on the BICAMS composite (t = -1.71, P = .10; Fig 2) . Neither the SDMT nor BVMT-R significantly distinguished POMS participants from HCs (t = -.59, P = .6 and t = -.49, P = .6, respectively; Fig 2) . However, POMS participants scored significantly lower on the RAVLT relative to HCs (t = -3.52, P < .01; Fig 2) . No participant in either group met criteria for cognitive impairment on BICAMS.
Relation to Disease Factors
Within the POMS group, neurologic disability, as measured by the EDSS, was neither significantly correlated to Cogstate nor BICAMS composite scores. A linear logistic regression found that age of onset, but not disease duration, significantly predicted the Cogstate composite score (β = -5.56, t = -2.19, P = .049), while neither age nor disease duration predicted the BICAMS composite.
Group-Wise Differences in Neuroimaging DTI Metrics
POMS participants trended toward lower FA in the corpus callosum (t = -2.19, P = .046) and the temporal lobe (t = -2.41, P = .03) relative to HCs (Fig 3) . Conversely, POMS participants exhibited greater FA in the thalamus relative to HCs (t = 2.70, P = .01; Fig 3) . None of the group-wise effects withstood Bonferroni correction (adjusted α threshold: P < .0056).
Relationships between Neuroimaging DTI Metrics and Cognitive Assessments
Within the POMS sample, the Cogstate composite showed moderate-to-strong correlations with FA across multiple regions including the corpus callosum, temporal lobe, and occipital lobe WM (r = -.67 to -.82; Table 4 ; Spearman's rho = -.61 to -.72; Table 5 ). Following Bonferroni correction (threshold: P < .0056), the negative association between the Cogstate composite and uncinate fasciculus FA remained significant (r = -.82, P = .002; Tables 4 and 5; Fig 4) .
For the individual Cogstate metrics within the POMS sample, the IDN normative score similarly showed moderate-to-strong negative correlations with FA across multiple regions: corpus callosum (r = -.69, rho = -.67), frontal lobe (r = -.79, rho = -.72), parietal lobe (r = -.63, rho = -.62), temporal lobe (r = -.69, rho = -.83), occipital lobe (r = -.75, rho = -.82), and uncinate fasciculus (r = -.84, rho = -.66). Temporal lobe WM FA also showed moderate correlations with the DET norm (r = -.62, rho = -.63). As shown in Figure 4 , in addition to the relationship between the Cogstate composite and uncinate fasciculus FA, the relationships between the individual Cogstate IDN norm score and (1) frontal lobe WM FA (r = -.79, P = .004), (2) temporal lobe WM FA (rho = -.83, P = .002), (3) occipital lobe WM FA (rho = -.82, P = .002), and (4) uncinate fasciculus FA (r = -.84, P = .001) remained significant following multiple comparisons correction in the POMS sample (threshold: P < .0056).
In comparison, there were few regions showing moderate correlations between FA and the composite BICAMs score in POMS (Tables 4 and 5 ). Among the individual BICAMS measures, the RAVLT did have a moderate negative correlation with thalamic FA (r = -.68, rho = -.74). However, no relationships with the BICAMS composite withstood multiple comparisons correction.
Among the HC participants, the only moderate associations with the Cogstate and BICAMS composite scores were: (1) a negative relationship between the composite Cogstate score and frontal and temporal lobe FA and (2) a positive relationship between the composite BICAMS and corpus callosum (Table 4) , with no relationships surviving multiple comparisons correction.
Discussion
In this study, we investigated the role that white and deep gray matter integrity, as assessed with DTI, contribute to early changes in cognitive performance in POMS. Consistent with our previous report, 5 we found that POMS participants were slower on measures of speeded information processing than HCs, while remaining relatively intact on other less sensitive measures.
In addition, white matter FA may be linked to diagnosis, where WM FA in the four lobes, corpus callosum, uncinate fasciculus, posterior thalamic radiation, and superior longitudinal fasciculus were on average lower in POMS relative to HCs. These observations are consistent with findings in adult Thalamus r = -.071, P = .835 r = -.182, P = .486 r = -.333, P = .317 r = .256, P = .305 Corpus callosum r = -.692, P = .018 * r = .109, P = .678 r = -.222, P = .511 r = .571, P = .013 * Frontal lobe WM r = -.561, P = .072 r = -.611, P = .009 * r = -.572, P = .066 r = .003, P = .990 Parietal lobe WM r = -.503, P = .115 r = -.178, P = .500 r = -.361, P = .276 r = -.011, P = .967 Temporal lobe WM r = -.743, P = .009 * r = -.492, P = .045 * r = -.194, P = .568 r = -.386, P = .114 Occipital lobe WM r = -.669, P = .025 * r = -.030, P = .911 r = -.289, P = .389 r = -.109, P = .667 Uncinate fasciculus r = -.819, P = .002 ** r = -.045, P = .870 r = -.563, P = .072 r = -.376, P = .137 Superior longitudinal fasciculus r = -.408, P = .213 r = .331, P = .211 r = -.447, P = .169 r = -.167, P = .523 Posterior thalamic radiation r = -.135, P = .693 r = -.137, P = .613 r = -.204, P = .548 r = -.120, P = .565 * P < .05 uncorrected, ** P-value survives Bonferroni correction. POMS = pediatric-onset multiple sclerosis; HC = healthy control; WM = white matter; FA = fractional anisotropy; BICAMS = Brief International Cognitive Assessment in MS; n = sample size; DTI = diffusion tensor imaging. Table 5 MS 11, 15 and pediatric-onset MS. 11, 12, 15, [30] [31] [32] [34] [35] [36] [37] However, these potential occult white matter markers for the earliest stages of MS did not withstand multiple comparisons correction and thus, it will be critical to determine if these signals exist and are strengthened within a larger sample. Nonetheless, the lower FA in POMS relative to controls potentially a relatively diffuse pattern of white matter disruption in POMS.
Based on our findings of lower FA in POMS relative to controls and prior POMS findings of a positive association of FA with cognitive measures, 15 we expected that within the POMS sample, those with reduced processing speed would have FA values most deviated from HCs, ie, individuals with reduced processing speed would exhibit more disrupted white matter tracts. However, in this study, we found that individuals presenting with reduced processing speeds, indicative of early cognitive deficits, showed higher FA diffusely across lobular white matter, the corpus callosum, and the uncinate fasciculus tract, which connects the orbitofrontal cortex to the anterior portion of the temporal lobe, including the amygdala. 5 Of note, the negative association between the uncinate fasciculus and information processing speed was the sole effect that withstood Bonferroni correction for the nine a priori regions tested, an outcome likely due to sample size limitations within the current design. The negative associations of FA with the Cogstate composite score appear to be driven predominantly by the Identification task (IDN), a choice reaction task assessing cognitive visual attention processing speed. In addition to being the cognitive metric most strongly associated with white matter FA, Cogstate IDN was the task that most strongly differentiated POMS from HC participants, where POMS participants performed significantly more slowly than HCs.
While the negative relationships are opposite to those found previously in POMS, 14, 15 higher FA has been previously reported: (1) to associate with poorer performance on a visual choice reaction time task in healthy young adults, 40 (2) to be a compensatory mechanism for nonverbal deficits within verbal pathways in Turner's Syndrome, 41 and (3) to associate with visuospatial deficits in Williams syndrome. 42 Based on the known demyelinating pathology of MS, one would hypothesize that individuals with a more progressed disease-course with cognitive deficits would have lower FA due to reduced myelin thickness. Thus, our negative associations may be mediated by white matter structural alterations outside of myelin. In a review of anisotropic water diffusion, it is noted that myelin thickness, axonal diameter and packing, membrane permeability, axonal branching, fiber crossing, and other microstructural alterations can all impact FA. 9 In these prior studies showing higher FA in cases of deficits in visual choice reaction time, nonverbal domains, and visuospatial tasks, authors hypothesized a few different biological mechanisms. First, Hoeft et al hypothesized that decreased branching, which could lead to higher FA values, would limit the number of posterior parietal targets of the superior longitudinal fasciculus and that this effect could underlie visuospatial deficits in (FA) and cognitive measures that were significant in the pediatricmultiple sclerosis participants after Bonferroni correction. Points on the plots are regression adjusted FA estimates (covariates were sex and age) where the cognitive measure was the model outcome. IDN = identification.
Williams syndrome. 42 It is possible that the cognitive slowing found in POMS may lead to or be caused by decreased axonal branching, especially in the uncinate fasciculus. The specific link of information processing speed with uncinate fasciculus FA may also be due to this tract's role in visual perception and cognition, 43, 44 as well as its protracted maturation (peak maturity at 28-35 years old). 45 This delayed developmental trajectory may confer sensitivity within the uncinate fasciculus for structural insults, restructuring, and recovery underlying its association with cognitive slowing in POMS. More specifically, this tract may be especially sensitive to insults that limit its ability to normatively grow and branch, 46 resulting in an overall increase in anisotropy of the tract. The plasticity of axonal branching in white matter is much less studied than dendritic branching in gray matter, but evidence does support the notion of plasticity and experience-dependent alterations in axonal branching. 47, 48 Second, Holzapfel et al hypothesized that the increased FA observed in temporoparietal pathways in females with Turner syndrome was due to increased coherence and/or density of fibers developed from preferential use of verbal skills (eg, verbal comprehension and reasoning) to compensate for deficits in spatial and motor functioning. 41 Extending this to POMS, it may be that in individuals with cognitive deficits, white matter tracts other than the a priori tracts examined here experienced demyelination, or other white matter alterations. Subsequently, in these individuals, compensatory effects in certain areas, especially within late-developing tracts such as the uncinate fasciculus, may have occurred to protect against the expected pathophysiological inflammatory demyelination occurring elsewhere in POMS participants. This may be especially plausible in adolescence due to the dynamic nature of white matter during this time-period, preventing further insult to myelination and/or microstructure through compensation, thus halting or slowing further cognitive deficits. 49, 50 To test our hypothesis of protective mechanisms within the white matter of POMS participants, longitudinal multimodal neuroimaging studies and highly sensitive cognitive assessments, such as Cogstate, are necessary.
Our unexpected processing speed correlations may also be driven by intravoxel crossing fibers. Because DTI is inherently limited by its ability to resolve crossing fibers, FA in the presence of fiber crossing will be reduced. 51 It is possible that the cognitive correlations are modulated by this factor. However, because the negative correlations were moderate-to-strong in areas with a high probability for crossing fibers with low FA, such as the uncinate fasciculus (r = -.82), and in areas with strong directional preference with high FA, such as the corpus callosum (r = -.69), 51 this effect is unlikely to be a substantial contributor. Newer methods such as diffusion spectrum imaging that can more accurately resolve crossing fibers are necessary to disentangle this interpretation.
Importantly, speculation as to the underpinnings of our negative relationships is limited in that: (1) DTI-derived FA is an indirect marker driven by a number of biological processes 9, 42 and (2) MS disease progression involves processes such as, demyelination, axon loss, gliosis, and inflammation, 51 further confounding the DTI interpretations. Because this study is cross-sectional, our findings could be capturing: (1) active myelination or microstructural-related alterations linked to cognitive performance or (2) structural alterations predating the deficits. Longitudinal studies, especially those with multimodal imaging, are paramount for clarifying the relationship between neurobiological substrates and clinical features of MS.
While not as sensitive as the Cogstate Brief Battery, BICAMS was also informative. POMS participants with relative memory deficits on the RAVLT had a trend for greater thalamic FA. Because the POMS participants tended toward greater thalamic FA relative to HCs, the POMS participants with thalamic FA most deviated from HCs also had the largest deficits in memory. We believe these trends are worth exploring given the scant literature on neuroimaging correlates of cognitive function in POMS. Both thalamic atrophy and increased FA have been noted in adult MS, 52 and progressive increases in FA differentiate those with relapsing-remitting from secondaryprogressive MS and predate increases in atrophy. 52 Further, thalamic atrophy in POMS participants relative to controls is well documented, 53 and in one study was correlated to visual memory performance. 54 Greater thalamic FA could be driven by decreases in dendritic arborization within thalamic subnuclei. 52 Early developmental DTI evidence suggests that dendritic alterations have the potential to alter overall regional anisotropy. 55 Through mechanisms such as excitotoxicity and activated microglia, dendritic arborization in the thalamus may be reduced in the inflammatory-MS state. 52 While the strongest correlations observed in this study were between the Cogstate composite (as well as the IDN task) and white matter FA in the POMS participants, there was a general trend toward negative correlations with the Cogstate and BI-CAMS composite across both POMS and HC groups. These HC effects were generally weak, with none surviving multiple comparisons correction despite a larger sample size than in the POMS group. Concordant with the lack of white matter FA relationships with cognition in HCs, white matter FA in a large sample of healthy adolescents was previously not shown to predict verbal working memory performance after accounting for age. 56 It may be that cognition and memory performance is robust to a range of FA values in the context of an individual's normative development. However, when a pathophysiologic change in white matter occurs, that biological alteration and the observed behavioral change may become more tightly linked and can be more easily detected.
Strengths of this study include a carefully characterized sample of POMS and HC participants, assessment with two cognitive screening batteries, and the use of 64-direction DTI, an advance over all but one study in the POMS literature, which acquired DTI sequences with 32-directions or less. Further, both BICAMS and Cogstate were designed to minimize practice effects, adding to the robustness of measurements. 57, 58 Also, it has been shown that with automated segmentation pipelines (Freesurfer used here), the majority of white matter lesions are segmented as gray matter, an artifact that has the potential to greatly impact cortical thickness measurements. 59 Although less than 5% of white matter was shown to be impacted by lesions in this sample of POMS participants, the fact that white matter lesions are effectively removed from white matter regional labels may help to further ensure that the regions analyzed in this analysis represent normal appearing white matter.
While the POMS and HC samples in this study were well matched on age, sex, and education, racial representation was imbalanced between both groups and is consequently a limitation of the generalizability of our study. The HC group had no racial representation from African-Americans, while the POMS group was primarily made up of African-Americans. It has been shown that African-American adults with MS have a more rapid disease course with clinical and imaging techniques. [60] [61] [62] [63] While the small subset of these patients precludes such analyses, thorough investigations into racial differences in POMS are essential. Further, the imbalance between groups and potential for racial variation must be considered when interpreting our findings; it may be that HC FA would more closely match POMS FA if the HC group were more representative.
One of the challenges in studies of POMS is that most single center studies involve relatively small sample sizes, which is reflected in this study. Hence, collaboration between centers is necessary to characterize disease features in large, diverse populations. To this end, the Cogstate Brief Battery may represent an ideal cognitive measure for multicenter studies in that it is readily adaptable to different settings, shows little cultural bias, is relatively free from practice effects so can be applied to longitudinal assessment, has an extremely large normative reference sample, and as shown here, corresponds to the pathophysiological changes associated with POMS.
In this study, we found that cognitive processing speed is linked to structural alterations in brain FA as detected with DTI. Identifying structural and functional neuroimaging biomarkers in POMS can further our understanding of the neural mechanisms underlying disease onset and progression and inform rehabilitation efforts.
